We used a combination of deep optical and Hα images of the Galactic globular cluster NGC 6440, acquired with the Hubble Space Telescope, to identify the optical counterpart to the accreting millisecond X-ray pulsar SAX J1748.9-2021 during quiescence. A strong Hα emission has been detected from a main sequence star (hereafter COM-SAX J1748.9-2021 ) located at only 0.15" from the nominal position of the X-ray source. The position of the star also agrees with the optical counterpart found by Verbunt et al. (2000) during an outburst. We propose this star as the most likely optical counterpart to the binary system. By direct comparison with isochrones, we estimated that COM-SAX J1748.9-2021 has a mass of 0.70M ⊙ − 0.83M ⊙ , a radius of 0.88 ± 0.02R ⊙ and a superficial temperature of 5250 ± 80 K. These parameters combined with the orbital characteristics of the binary suggest that the system is observed at a very low inclination angle (∼ 8
INTRODUCTION
Accreting Millisecond X-ray Pulsars (AMXPs) are a sub-group of transient low-mass X-ray binaries that show, during outbursts, X-ray pulsations from a rapidly rotating neutron star. During these outbursts, the matter lost from the companion star via Roche-Lobe overflow is channeled down from a truncated accretion disk onto the neutron star magnetic poles, producing X-ray pulsations at frequencies ν ≥ 100 Hz (see Patruno & Watts 2012 , and references therein). The total number of such systems currently known is 19 (Patruno & Watts 2012; Sanna et al. 2016b; Strohmayer & Keek 2017) : all of them are compact or ultra-compact binaries with orbital periods usually much shorter than one day and companion stars with masses usually smaller than 1M ⊙ . Two of these systems are located in the globular cluster NGC 6440, the only cluster, together with NGC 2808 and M28, known to host AMXPs. NGC 6440 is located in the Galactic bulge, above the Galactic plane, at 8.5 kpc from the Sun (Valenti et al. 2007) . It is a metal-rich system ([F e/H] ∼ −0.5, Origlia et al. 1997 Origlia et al. , 2008a affected by a quite large and differential extinction, with a mean color-excess E(B − V ) = 1.15 (Valenti et al. 2004 ). The cluster also hosts six (classic) radio millisecond pulsars (Freire et al. 2008) . SAX J1748.9-2021 was discovered with the BeppoSAX/WFC in 1998 as a part of a program aimed at monitoring the X-ray activity around the Galactic center (in 't Zand et al. 1999) . Since its discovery, it has experienced four outbursts, approximately one each five years: in 2001 (in't Zand et al. 2001 ), 2005 (Markwardt & Swank 2005) , 2010 and finally in 2015 (Bozzo et al. 2015) . The X-ray pulsar has been observed pulsating at a spinning frequency of ∼ 442 Hz and these pulsations have been used to obtain a phase-coherent timing solution (Gavriil et al. 2007; Altamirano et al. 2008; Patruno et al. 2009; Sanna et al. 2016a ) which revealed that SAX J1748.9-2021 is a binary system with an orbital period of ∼ 8.76 hours, a projected semi-major axis of ∼ 0.4 light-seconds and a companion mass of at least 0.1M ⊙ . Altamirano et al. (2008) suggested that the companion star is more likely a 0.85M ⊙ − 1.1M ⊙ star, i.e. a bright main sequence or a slightly evolved star, thus implying a binary system seen at a low orbital inclination angle. Verbunt et al. (2000) identified the optical counterpart during the 1998 outburst as a blue star with B ≃ 22.7. This outburst counterpart was identified through images obtained with a ground-based telescope and during non optimal seeing conditions. The optical emission during the outburst is dominated by the accretion processes around the neutron star, while it is expected to be dominated by the companion star during quiescence. Therefore, the identification of the optical counterpart during quiescence is needed in order to constrain the physical properties of the companion star.
The orbital properties of SAX J1748.9-2021 are similar to those observed in the emerging class of "transitional millisecond pulsars" (tMSPs; Archibald et al. 2009; Papitto et al. 2013; Bassa et al. 2014; Roy et al. 2015) : binary systems that alternate stages of classical rotation-powered emission, where radio emission is detected as in a common eclipsing millisecond pulsar (the so-called "redback" systems), to stages of accretionpowered emission where the radio emission is off and X-ray pulsations are detected like in AMXPs. Optical observations of tMSPs show companion stars irradiated by the accelerated neutron star, with strong emission lines that are observed only during outbursts, marking the presence of an accretion disk around the pulsar (see, for example, the cases of PSR J1824-2452I, PSR J1023+0038 and XSS J12270-4859; Pallanca et al. 2013; Patruno et al. 2014; Takata et al. 2014; de Martino et al. 2015) . The similarity between SAX J1748.9-2021 and the class of tMSPs suggests that this system might be a tMSP whose radio pulsar emission during quiescence has not been revealed yet. In fact, no radio pulsed emission has been detected from this object, in spite of the radio searches devoted to this aim (see Patruno et al. 2009 ). The identification of the optical counterpart during quiescence can provide crucial information to understand the properties and the nature of the binary system.
In the context of a long lasting program aimed at identifying optical counterparts to millisecond pulsars in Galactic globular clusters in different stages of their formation and evolutionary path (see Ferraro et al. 2001 Ferraro et al. , 2003 Ferraro et al. , 2015 Sabbi et al. 2003; Pallanca et al. 2010 Pallanca et al. , 2013 Pallanca et al. , 2014 Cadelano et al. 2015a,b) , here we present the identification of the optical counterpart to SAX J1748.9-2021 during quiescence. In Section 2 the observations and the data reduction procedures are described. In Section 3 we present the identification and characterization of the optical counterpart, while in Section 4 we discuss its properties. Finally, in Section 5 we summarize our results.
OBSERVATIONS AND DATA REDUCTION
This work is based on two different datasets of images obtained with the Hubble Space Telescope (HST) using the UVIS camera of the Wide Field Camera 3 (WFC3). The first dataset (GO12517, P.I.: Ferraro) has been obtained on July 2012 and it consists of 27 images in the We used the images processed, flat-fielded and bias subtracted ("flt" images) by the standard HST pipeline. The photometric analysis has been performed using standard procedures with the software DAOPHOT II (Stetson 1987) . First, we corrected all the images for "Pixel-Area-Map" 1 and then we modeled the pointspread function (PSF) of each image by selecting a sample of ∼ 200 bright and isolated stars. Then we performed a source detection analysis, setting a 3σ detection limit, where σ is the standard deviation of the measured local background. Once a list of stars was obtained, we performed a PSF-fitting of each image, by using the ALLSTAR and ALLFRAME packages (Stetson 1994) following the prescriptions described in 1 For more details see the WFC3 Data Handbook. Dalessandro et al. (2011 Dalessandro et al. ( , 2014 . Only stars detected in at least half of the images in each filter have been included in the final catalog. For each star, the magnitudes estimated in different images have been homogenized and their weighted mean and standard deviation have been finally adopted as the star mean magnitude and its related photometric error (Ferraro et al. 1991 (Ferraro et al. , 1992 . Finally, by using standard procedures, instrumental magnitudes have been calibrated on the VEGAMAG system using the WFC3 zeropoints publicly available at http : //www.stsci.edu/hst/wf c3/phot z p l bn (Ryan et al. 2016) .
Since the WFC3 images suffer from geometric distortions, we corrected the instrumental positions of stars by applying the equations reported in Bellini et al. (2011) . In order to transform the instrumental positions to the absolute coordinate system (RA, Dec), we used the Pan-STARRS1 catalog of stars (Flewelling et al. 2016) reported, by means of ∼ 120 in common, onto the UCAC4 astrometric standard catalog (Zacharias et al. 2013) . Then, this catalog has been used as reference frame to astrometrize the HST dataset, by means of 1200 stars in common. The resulting 1σ astrometric uncertainty is ∼ 0.15 ′′ both in RA and Dec, thus providing a total uncertainty of about 0.21
′′ . NGC 6440 is affected by a substantial differential reddening. In order to estimate the extinction variation within the observed field of view, we adopted a method similar to that already applied to other clusters (see Massari et al. 2012) . The detailed procedure and the reddening map will be published in a forthcoming paper (Pallanca et al. 2017, in preparation) . Here we just briefly describe the procedure. We first selected a sample of reference stars with small photometric errors and values of the sharpness parameter ("well-fitted" stars), located along the cluster evolutionary sequences in the color-magnitude diagram (CMD). These stars have been used to built a "reference" mean ridge line. Then, for each star a mean ridge line has been constructed by using the fifty "well-fitted" stars spatially located close to it. Finally, the shift δE(B −V ) needed to register this ridge line to the "reference" mean ridge line is computed. The derived extinction map shows absorption clouds with a patchy structure, and extinction variations as large as δ(B − V ) = 1.0 mag have been measured. The map has been used to build the differential reddening-corrected CMD used in the following analysis.
RESULTS
In order to search for the optical counterpart to SAX J1748.9-2021 , we analyzed all the objects located within a 3σ radius (∼ 2 ′′ ) from the X-ray position reported by Pooley et al. (2002) , where σ is the combined X-ray (∼ 0.6 ′′ ) and optical (∼ 0.21 ′′ ) astrometric uncertainty. The finding charts of the region around the X-ray nominal position are shown, for all the filters, in Figure 1 . We emphasize that in all the epochs sampled by the observations discussed in this paper, SAX J1748.9-2021 was in a quiescence state. Thus we did not expect to find a bright star like that reported in Verbunt et al. (2000) . From the analysis of the Hα images, we found a quite promising candidate. In the bottom panel of Figure 2 In all the panels, the blue cross indicates the X-ray nominal position, while the blue circle, centered on the blue cross, has a radius equal to the combined X-ray and optical astrometric uncertainty. The green cross is centered on the outburst counterpart reported by Verbunt et al. (2000) and the circle has a radius equal to their astrometric uncertainty. The solid red circle marks the candidate optical counterpart.
with all the stars detected in the region around the X-ray source position highlighted as large black dots. This diagram has been found to be particularly powerful in pinpointing Hα emitters (e.g. Beccari et al. 2014 , Pallanca et al. 2017 . All the stars detected in the X-ray source region appear to be standard stars, with the only exception of one objects (the red dot) that shows a quite anomalous Hα color (m F 814W − m F 656N ) ∼ 1.7, thus indicating a strong Hα excess (see Section 4). This object occupies instead a standard position in the optical CMD (top panel of Figure 2 ), being located along the cluster main sequence, about ∼ 2 magnitudes below the turn-off. Interestingly enough, this object is located at RA = 17 h 48 m 52.161 s and Dec = −20
′′ from the nominal position of the X-ray source and it is the closest star to the X-ray position. Its location is also consistent with that of the burst counterpart proposed by Verbunt et al. (2000) : in fact, the distance between our and their counterpart is ∼ 0.35 ′′ , smaller than the quoted uncertainty of the latter (∼ 0.5 ′′ ). Therefore, from both the positional agreement and the presence of Hα emission we can conclude that this object is likely the companion star to the neutron star in the binary system SAX J1748.9-2021 observed during quiescence (hereafter COM-SAX J1748.9-2021 ). Figure 3 shows the measured magnitudes of COM-SAX J1748.9-2021 in different filters at the four epochs available. As it can be seen, no significant variation is detected across the different epochs. The mean magnitudes in each photometric band are: m F 606W = 23.35 ± 0.01, m F 814W = 21.58 ± 0.01 and m F 656N = 21.68 ± 0.05 2 . From the bottom panel of Figure 3 we can conclude that in the three epochs for which Hα observations are available, a persistent Hα emission was present. Thus, these observations indicate an ongoing mass transfer activity from the companion toward the neutron star when the AMXP is in a quiescence state. This is in line with what commonly observed in different classes of interactive binaries (e.g. low-mass X-ray binaries, cataclysmic variables) that are experiencing accretion phenomena also during quiescence (e.g. Ferraro et al. 2000; Torres et al. 2008; Beccari et al. 2014; Torres et al. 2014) .
The physical properties of COM-SAX J1748.9-2021 can be derived from the comparison of its position in the optical CMD with appropriate isochrone models. We used the isochrone set from the Dartmouth Stellar Evolution Database (Dotter et al. 2008) , for a 12 Gyr-old cluster (Origlia et al. 2008b ) with reddening, distance modulus and metallicity as reported in Section 1. The isochrone (reported as a blue dashed curve in the top panel of Figure 2 ) nicely reproduces the cluster evolutionary sequences. By projecting the magnitude and color of COM-SAX J1748.9-2021 onto the isochrone, we found a stellar mass M = 0.73 ± 0.01M ⊙ , an effective temperature of T e = 5250 ± 80K and a bolometric luminosity of 0.53 ± 0.01L ⊙ , the latter two corresponding to a radius of R = 0.88 ± 0.02R ⊙ (see the discussion in Section 4). From the isochrone we can also infer that the expected B magnitude of the object in quiescence should be B ≃ 25.7. This value is 3 mag fainter than that measured by Verbunt et al. (2000) during the 1998 outburst. Such a large variation is similar to what observed between the outburst and the quiescence states of other AMXPs (see e.g. Patruno & Watts 2012, and references therein) and, more generally, of transient lowmass X-ray binaries (e.g. Ferraro et al. 2015) . Since different isochrone models can lead to slightly different results, we re-made the computations by using isochrones from the BaST I database (Pietrinferni et al. 2004 ) and isochrones from the Padova Stellar Evolution Database (Girardi et al. 2000) , finding similar results.
It is worth mentioning that NGC 6440 hosts another AMXP: NGC6440X-2 . This is an ultracompact system with an orbital period of only ∼ 0.96 hours and a X-ray pulsar pulsating at ∼ 206 Hz. From the binary system mass function, the companion mass is expected to be ≥ 0.007M ⊙ . Despite a careful search for the optical counterpart to this system in the available set of images, we did not find any reasonable candidate. Likely, the optical counterpart of this AMXP is still under the detection threshold, given the extremely low-mass expected for this companion star. We can therefore provide only lower-limit in luminosity for this system: m F 606W > 25.0, m F 814W > 23.5 and m F 656N > 23.0.
DISCUSSION
We can now compare the radius of COM-SAX J1748.9- 2021 obtained in Section 3 with the expected dimension of the Roche-Lobe radius. The latter quantity can be estimated according to the following relation (Eggleton 1983) :
where q is the ratio between the companion and the pulsar mass and P ORB,hr is the orbital period in hours. In Figure 4 (solid line) we plot the Roche-Lobe radius, computed by assuming a pulsar mass in the range 1.2M ⊙ − 2.4M ⊙ , as a function of the companion mass. The position of COM-SAX J1748.9-2021 in this diagram (large filled dot) indicates that it is at least completely filling its Roche-Lobe and possibly even overflowing it. Indeed, the Roche-Lobe radius corresponding to the estimated mass of COM-SAX J1748.9-2021 is 0.86R ⊙ − 0.87R ⊙ , implying a filling factor of 0.99 − 1.05. The derived filling factor is in agreement with what expected from such a system, where the presence of ongoing mass transfer implies that the companion star is most likely in a Roche-Lobe overflow state. However, it is worth noticing that the mass derived for COM-SAX J1748.9-2021 from standard stellar isochrones can be biased. In fact, the companion star could have suffered a strong mass loss if it is the same object that has recycled, via mass transfer, the neutron star. Such an effect is not accounted for by the stellar evolutionary models used to create isochrones, thus introducing a bias in the derivation of the companion physical properties (see the notorious cases of PSR J1740−5340A and PSR J1824−2452H: Ferraro et al. 2001; Pallanca et al. 2010; Mucciarelli et al. 2013 ). On the other hand, we can assume the derived photospheric radius more reli- able, since it exclusively depends on the companion luminosity and temperature. Setting this measured radius equal to the Roche-Lobe radius, we found that the companion star is filling its Roche-Lobe in the mass range of 0.70M ⊙ − 0.83M ⊙ . However, the possible presence of heating of the companion star due to the neutron star emitted flux could affect the observed luminosity and temperature of the companion star, introducing an additional bias, which is difficult to quantify. Nevertheless, the position of COM-SAX J1748.9-2021 , compatible with the cluster main sequence, suggests that this effect might not be very relevant for this system, at odds with what observed for strongly heated companion stars (see, e.g., Edmonds et al. 2002; Pallanca et al. 2014; Cadelano et al. 2015a) . We can therefore conclude that the observed properties of COM-SAX J1748.9-2021 are likely compatible with that of a binary system where the secondary star has a mass of 0.70M ⊙ −0.83M ⊙ and it is filling and possibly overflowing its Roche-Lobe, whose radius is 0.88 ± 0.02R ⊙ . These quantities can be used to constrain the inclination angle of the system. Using the orbital solution reported by Patruno et al. (2009) and Sanna et al. (2016a) , we found that, for a pulsar mass in the range 1.2M ⊙ − 2.4M ⊙ , the binary inclination angle should be very low, between 8
• and 14
• . Interestingly, a low orbital inclination angle was independently suggested by the absence of dips and eclipses in the X-ray light curve (e.g. Sanna et al. 2016a) and by the expected properties of the companion star discussed by Altamirano et al. (2008) .
The evidence of Hα emission previously discussed and shown in Figure 2 can be used to estimate the equivalent width (EW) of the emission line of main sequence stars. In doing this, we followed the method reported by De Marchi et al. (2010) and already used in previous papers (Pallanca et al. 2013; Beccari et al. 2014 , Pallanca et al. 2017 . Briefly, the excess in the de-reddened Hα (m F 606W − m F 656N ) 0 can be expressed in terms of the equivalent width of the Hα emission by using equation (4) • RW is the "rectangular width" of the adopted Hα filter, its definition being similar to that of equivalent width used to measure the intensity of an emission/absorption line. According to Table 4 in De Marchi et al. (2010), RW = 17.48Å for the HST-WFPC3 Hα filter we adopted here.
• ∆Hα is the difference in the de-reddened Hα color (m F 606W − m F 656N ) 0 between COM-SAX J1748.9-2021 and the value expected from a star with the same optical color (m F 606W − m F 814W ) 0 but showing no Hα emission.
On the basis of this relation, different curves at increasing Hα EW can be computed and they are plotted in Figure 5 . When main sequence stars are plotted in this diagram, the vast majority of them are located around the "no Hα emission" curve (solid curve), as expected by canonical cluster stars. COM-SAX J1748.9-2021 is instead located significantly above this line, showing a mean systematic excess of ∆Hα = 0.80 ± 0.07 in all the sampled epochs. As it can be seen from Figure 5 such an excess corresponds to an EW of the Hα emission of 19 ± 1Å. Such a value is too large to be attributed to chromospheric activity (Beccari et al. 2014) . It is instead a typical value for system with a low mass accretion rate. In fact it turns out to be in agreement with the Hα EWs measured in the majority of quiescent low mass X-ray binaries with a neutron star accretor (EW = 20Å-50Å, see Heinke et al. 2014 , and references therein). The evidence of such a low-level accretion rate in this system was already suggested by the X-ray studies of Bahramian et al. (2015) , performed two years after and one year before a burst. The value of ∆Hα just measured can be used to directly estimate the Hα luminosity due to the accretion processes L(Hα), by using the photometric zeropoints and the values of the inverse sensitivity (PHOT-FLAM parameter) publicly available for all the WFC3 filters (see http : //www.stsci.edu/hst/wf c3/phot z p l bn). At the cluster distance, we found L(Hα) = 1.27 ± 0.08 × 10 −4 L ⊙ . This value, together with the COM-SAX J1748.9-2021 mass and radius quoted in Section 3, can be inserted in equation (7) of De Marchi et al. (2010) to estimate the mean mass transfer rate of the binary system, that turns out to beṁ ∼ 3 × 10 −10 M ⊙ yr −1 . Note, however, that the derived value ofṁ must be taken with extreme caution, since the De Marchi et al. (2010) method has been calibrated for accretion processes in pre main sequence stars, hence its applicability to the different cases (as low-mass X-ray binaries) could be risky. Sanna et al. (2016a) measured for this binary system a large orbital period derivative of 1.1 × 10 −10 . This large value is interpreted as the result of a non conservative mass transfer driven by the emission of gravitational waves. In this model, the large orbital period derivative implies a large time-averaged mass transfer rate (∼ 10 −8 M ⊙ yr −1 ) that can be explained by a companion star with a low-mass of ∼ 0.12M ⊙ , where only the 3% of its lost mass is accreted by the neutron star (see their Figure 9 ). Our findings are not in agreement with such a scenario, since the companion mass is significantly more massive. If we assume that the large orbital period derivative is indeed the result of a strong mass transfer, our and their results could be reconciled by assuming that the fraction of lost mass that is accreted by the neutron star is even smaller than 3%. However, in the previous paragraph we roughly estimated that the mass transfer rate during quiescence iṡ m ∼ 3 × 10 −10 M ⊙ yr −1 . This value, although extremely uncertain, is ∼ 100 times smaller than their predicted value. This could suggest that the mass transfer rate, estimated by Sanna et al. (2016a) on the basis of the orbital period derivative, is overestimated. More generally, the disagreement between our and Sanna et al. (2016a) results could suggests that the large orbital period derivative is due to a different effect such as, for example, a variable quadrupole moment of the companion star (Applegate 1992; Applegate & Shaham 1994; Hartman et al. 2008; ), a phenomenon commonly invoked to explain the time evolution of the orbits of black-widows, redbacks and tMSPs (Applegate & Shaham 1994; Archibald et al. 2013; Pallanca et al. 2014; Pletsch & Clark 2015) . The similarity of SAX J1748.9-2021 to the redback class might corroborate this hypothesis, although other alternatives exist (see for example Patruno et al. 2016 , for a discussion).
Since the analyzed dataset samples almost homogeneously the entire orbital period of the system, an additional aspect that we can investigate is the possible presence of light modulations. Indeed, sinusoidal variations due to irradiation processes or ellipsoidal deformation of the star, are expected to be observed in these systems (see e.g. Homer et al. 2001; D'Avanzo et al. 2009 ), although the amplitude of the modulation strongly depends on the system inclination angle. In order to determine the amplitude of the light curve expected from the system, we constructed a very basic model of SAX J1748.9-2021 by using the software NIGHTFALL
3
. We simulated a set of light curve models (in the F606W and F814W filters)
4 with a point-like primary star of 1.4M ⊙ and a Roche-Lobe filling companion star with masses in the range of 0.1M ⊙ − 1M ⊙ (compatible with both the binary mass function and the cluster stellar population) 5 . We found that amplitudes 0.01 mags are expected for an inclination angle of ∼ 10
• , corresponding to the derived companion mass (∼ 0.7M ⊙ ). Since the typical photometric uncertainty on the single measurements is ∼ 0.08 mags, such a small magnitude modulation cannot be detected with our dataset. Magnitude modulations comparable to or larger than our typical photometric uncertainty are expected only for i ≥ 30
• , corresponding to companion masses ≤ 0.2M ⊙ (see an example in Figure 6) , which have been excluded by our analysis. This seems to further support the conclusion that the system is seen at a small inclination angle. However, this is a very basic model and the addition of processes like irradiation from the primary star, truncated disk, etc.. can modify the light curve shape. Hence, deeper observations are needed before drawing solid conclusions about the optical variability of the system.
The spin and orbital properties of SAX J1748.9-2021 are quite similar to those generally observed in redback pulsars. This, combined with the periodical occurrence of outbursts, might suggest that this system is a tMSP whose radio pulsed emission has not been revealed yet (see Section 1). However, here we presented some observational evidence suggesting an on-going mass transfer during the quiescence state. This is not expected in the radio pulsar state of tMSPs (see e.g. Archibald et al. 2009; Pallanca et al. 2013) and suggests that in the case of SAX J1748.9-2021 the radio emission mechanism is not active and thus that the system is not a tMSP. The Hα emission detected in SAX J1748.9-2021 clearly indicates that this system behaves as a typical low-mass X-ray binaries in quiescence, with mass transfer currently ongoing and a possible residual accretion disk still present around the neutron star. This shows that not all accreting neutron stars with main sequence companions and orbital parameters similar to redbacks behave as tMSPs. 
CONCLUSIONS
We presented the optical identification and characterization of the AMXP SAX J1748.9-2021 during quiescence. We identified a possibile counterpart (COM-SAX J1748.9-2021 ) in a star located at only ∼ 0.15 ′′ from the X-ray nominal position. This star, although being located along the cluster main sequence, shows an excess in the F656N filter, thus implying the presence of Hα emission. We discussed the physical properties of the companion star and show that it has a mass of 0.70M ⊙ − 0.83M ⊙ , an effective temperature of 5250K and it is filling, or even overflowing, its Roche-Lobe radius of 0.88 ± 0.02R ⊙ . This mass, combined with the binary system mass function and assuming canonical neutron star masses, implies that the binary system is observed at a very low inclination angle (∼ 8
• − 14 • ). This can also explain the absence of a significant magnitude variability. The EW of the Hα emission has been evaluated to be of about 20Å, which corresponds to a mean mass transfer rate during quiescence of ∼ 10 −10 M ⊙ yr −1 . The possibility of on-going mass transfer and residual accretion disk around the neutron star during quiescence states implies that the radio pulsar is not reactivated yet. Hence SAX J1748.9-2021 is probably not a tMSP and its behavior during quiescence is comparable with that commonly observed in classical quiescent low-mass X-ray binaries, even tough its orbital and spin parameters are very similar to those observed for redback millisecond pulsars. This directly implies that not all the redback-like AMXP with main sequence companions are tMSPs. For some reasons, SAX J1748.9-2021 pulsar is not able to turn-on the radio emission during the quiescence state, at odds with what happens for tMSPs. The reasons behind this are still obscure. Intriguingly, it is worth noticing that COM-SAX J1748.9-2021 has a mass larger than that measured for the companion stars of redbacks and tMSPs (0.2M ⊙ −0.4M ⊙ , see, e.g., Breton et al. 2013; Mucciarelli et al. 2013; Bellm et al. 2016 ). Therefore the companion mass could be one of the ingredients to understand why this redback-like AMXP is not behaving like a tMSP.
